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CROSS-REFEREN CF TO RELATED APPLICATIONS 
This application is based upon and claims the benefit 
of priority from the Japanese Patent Application No. 
2002-255278, filed on Aug. 30, 2002, the entire contents of 
which are Incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention . 

This invention relates to an operation-supporting 
apparatus that supports operation and 
preservation-maintenance of plant equipment, starting with 
a steam turbine in a thermal power plant, while considering 
risks relating to breakage, deteriorating performance, and 
functional stoppage. 

2. Description of the Related Art 

In thermal power plants and the like, measures to 
deal with flexible operations, such as rapid start-up and 
fluctuating .load, are required In order to use energy 
effectively. Breakdown and malfunction of plant equipment 
must be prevented while keeping preservation maintenance 
as inexpensive as possible. 

To meet these demands, methods have been 
established to select an optimal operating pattern for the 
plant. One conceivable method is a risk-based technique 
of quantitatively evaluating and comparing advantages and 
risks of the operating pattern. 

While! a preservation-maintenance method based on 
risk-cost evaluation has previously been disclosed (by 
Kihara et af in "Piping Technology" December 2000, pp. 
76-79,! published by Nippon Kogyo Publishing), an 
apparatus capable of optimizing plant operations has not. 
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. SUMMARY O F THE INVENTION 

The present invention has been realized in 
consideration of the points described above, and aims to 
provide an apparatus that estimates the risk-cost due to 
5 damage, deterioration, and functional stoppage, of 
equipment in a plant, and selects an optimal operating 
method while comparing the risk-cost with profit gained by 
operation. 

In order to achieve these objects, a first aspect of 

10 the invention provides an operation-supporting apparatus 
for plant equipment, comprising an operation request input 
unit that inputs information relating to operation request 
items of the plant equipment; an operating conditions 
setting unit that converts operation request input 

15 information, input by the operation request input unit, to 
operating parameters; an operation history creation unit 
that creates an operation history by chronologically 
processing the operating parameters, converted by the 
operating conditions setting unit, based on input from an 

20 operation monitoring unit that monitors operating states of 
the plant equipment; a breakdown statistics database that 
stores an event tree of the plant equipment in correlation 
with degrees of unreliability relating to breakdown events; 
an event simulator that calculates the degree of 

25 unreliability corresponding to the operating parameters, 
based on the Information in the breakdown statistics 
database, the operation request information, and the 
operation history Information, and in compliance with the 
event tree of the plant equipment; a risk-cost calculation 

30 unit that calculates risk-cost by determining the aggregate 
product of the degrees of unreliability and restoration costs 
in compliance with the event tree; an operating method 
determination unit that determines whether operating 
conditions are suitable by comparing the risk-cost with 

35 profit that is expected to be gained by continuing 
operation; and an operating method specification unit that 
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specifies specific operation conditions for the plant 
equipment in accordance with the operating method 
determined by the operating method determination unit. 
This makes it possible to determine online whether . 
5 operation request items of plant equipment can be realized, 
and specify the necessaryloperating method. 

In the operation J supporting apparatus for plant 
equipment according to a second aspect, the operation 
monitoring unit includes detectors that detect all or some of 

10 the temperature and pressure of operational fluids, number 
of rotations of rotating parts, and output load, of plant 
equipment. The operation monitoring unit chronologically 
processes the detected; signals, arranges regular and 
irregular operations intci predetermined categories, and 

15 collects and stores data that relates to number of start-ups 
and operating times, enabling a detailed operation history 
of the plant to be created jautomatically. 

In the operation-supporting apparatus for plant . 
equipment according tola third aspect, the breakdown. 

20 statistics database uses jan event tree, that is based on 
previous breakdown events In the plant and/or other similar . 
plants and relates to cracks, deformation, erosion, abrasion, 
oxidation, corrosion, deterioration of materials, breakage, 
reduced capability, and: functional deterioration, and a 

25 degree of unreliability function for each event. These are 
expressed as a function bf material lifetime parameters in - 
correspondence with operation conditions, or as a function 
of parameters of temperature, stress, warping, and 
environmental factors, that represent operating conditions. 

30 This enables events to be; simulated and risk-cost calculated 
for various types of operating states. 

The operation-supporting apparatus for plant . 
equipment according to a[ fourth aspect further comprises a 
breakdown monitoring urtit that detects breakdown events . 

35 while the plant equipment is operational and precursory , 
breakdown events, and an emergency stop determination 
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unit that determines whether to stop operation immediately 
based on a detection signal detected by the breakdown 
monitoring unit When not Immediately stopping operation, 
the probability of an event that already occurred in the 
5 event tree stored In the breakdown statistics database is 
corrected from a pre-event probability to a post-event 
probability, and in addition, a subsequent event is corrected 
by using the post-event probability of the event that 
already occurred, and the event simulator uses a corrected 

10 degree of unreliability. Therefore, accurate risk-cost can 
be evaluated even when some sort of breakdown event or 
precursory breakdown event has occurred, enabling an 
appropriate operating method to be selected. 

In the operation-supporting apparatus for plant 

15 equipment according to a fifth aspect, the breakdown 
monitoring unit detects all or some of member temperature, 
warping/displacement, vibration, lubricating oil temperature, 
changes in lubricating oil components, partial thermal 
efficiency, plant efficiency, operational fluid leaks, operation 

20 sound, and acoustic emission signals, of plant equipment, 
and sends information, that indicates whether a breakdown 
event or a precursory breakdown event has occurred, to the 
emergency stop determination unit and the breakdown 
statistics database. This makes it possible to accurately 

25 identify breakdown events and precursory breakdown 
events, and supply information required in determining the 
operating method. 

The operation-supporting apparatus for plant 
equipment according to a sixth aspect further comprises an 

30 inspection unit that inspects breakdown events and 
precursory breakdown events of equipment members while 
the plant equipment has stopped operating. Information 
relating to the occurrence of breakdown events and 
precursory breakdown events detected by the inspection 

35 unit is transmitted to the breakdown statistics database, 
and a degree of unreliability function is corrected to 
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post-event probability. In cases where the operating 
method determination unit determines that operation 
cannot restart and that operation is possible only under 
certain conditions, a repair method is selected, the degree 
5 of unreliability In the breakdown statistics database being 
changed when the repairs have been carried out, another 
simulation is executed and the operating method 
determination unit makes a determination. Therefore, an 
optimal operating method that includes preservation 
10 management can be determined based on an evaluation of 
the risk-cost! 

In the operation-supporting apparatus for plant 
equipment according to a seventh aspect, the inspection 
unit uses all ; or some of aiCCD camera, an ultrasonic sensor, 

15 an electric ( resistance sensor, and an electromagnetism 
sensor, to measure all or some of cracks, 
warping/displacement, erosion, abrasion, oxidation, 
corrosion, and breakage, . of plant equipment. This enables 
breakdown events and precursory breakdown events of 

20 equipment to be accurately reflected in the risk-cost 
evaluation to determine an accurate operating method. 

The ' operation-supporting apparatus for plant 
equipment according to an eighth aspect further comprises 
a probability theory lifetime evaluation unit that calculates 

25 a lifetime evaluation by appending probabilities to lifetimes 
of plant equipment with respect to creeping and fatigue by 
using material lifetime characteristics, stored beforehand in 
a statistical material database, and the probability 
distribution ithereof, based on operation history Information 

30 and operation request input information that relates to the 
plant equipment. A degree of unreliability function is 
calculated from the lifetime evaluation, determined by the 
probability ^theory lifetime evaluation unit, stored in the 
breakdown statistics database, and used in calculations 

35 made by the event simulator. Therefore, the degree of 
unreliability; of an event can be estimated in the stage of 

! 
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deterioration and damage preceding a breakdown event, 
and applied in the risk-cost evaluation. 

The operation-supporting apparatus for plant 
equipment according to a ninth aspect further comprises a 
5 deterioration/damage measuring unit that calculates values 
for material deterioration and material damage of 
equipment members while the plant equipment has stopped 
operating. Statistical material data, that is required in the 
evaluation processing of the probability theory lifetime 

10 evaluation unit, is determined from the 
deterioration/damage measurements obtained from the 
deterioration/damage measuring unit. This makes It 
possible to determine a lifetime evaluation and a degree of 
unreliability.function that are highly precise, and reflect the 

15 state of the plant equipment following years of usage. 

In the operation-supporting apparatus for plant 
equipment according to a tenth aspect, the 
deterioration/damage measuring unit uses all or some of a 
hardness measuring unit, an electromagnetism measuring 

20 unit, a sampling unit, a replica-collecting unit, and an 
electric resistance measuring unit, to measure softening, 
fragility/ creep void, cracks, deformation, and warping, of 
equipment members. This makes it possible to determine 
a lifetime evaluation and a degree of unreliability function 

25 that are highly precise, and reflect the state of the plant 
equipment following years of usage. 

In the operation-supporting apparatus for plant 
equipment according to an eleventh aspect, information 
from a plurality of the operation monitoring units and the 

30 breakdown monitoring units, provided for respective plants, 
and information output from a plurality of the operating 
method determination units, provided for respective plants, 
are transmitted via a network. This enables risk-cost to be 
evaluated while monitoring a plurality of plants, and 

35 provide optimal operation for the entire group of plants. 
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BRIEF DESCR IPTION OF THE DRAWINGS 

Fig. 1 is a block line diagram of the constitution of a 
first aspect of this invention; 

Fig- 2 is a diagram explaining an example of 
5 operation request input In a first embodiment of this 
invention; 

Fig. 3 : is a diagram explaining an example of setting 
operating conditions; 

Fig. 4 is a diagram explaining an example where a 
10 breakdown monitoring unit is applied in a steam turbine in 
the first embodiment of this invention; 

Fig. 5 Is a diagram explaining an example of creating 
an operation history in the first embodiment of this 
invention; 

15 Fig, 6 is a diagram explaining an example of contents 

of a breakdown statistics database in the first embodiment 

of this invention; 

Fig. 7 is a diagram explaining an example of event 

simulation In the first embodiment of this invention; 
20 Fig. ;8 is a diagram explaining an example of 

calculating ; risk- cost in the first embodiment of this 

invention; : 

Fig. .9 Is a diagram explaining an example of 
determining an operating method In the first embodiment of 
25 this invention; 

Fig. 10 is a block line diagram of the constitution of a 
second embodiment of this invention; 

Fig. 11 is a diagram explaining an example where a 
breakdown monitoring unit is applied in a steam turbine in 
30 the second embodiment of this invention; 

Fig. 12 is a block line diagram of the constitution of a 
third embodiment of this invention; 

Fig. 13 is a diagram explaining an example where a 
breakdown 'monitoring unit is applied in a steam turbine in 
35 the third embodiment of this invention; 

Fig. |14 Is a diagram explaining an example where a 
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deterioration/damage measuring unit is applied in a steam 
turbine in the third embodiment of this invention; 

Fig. 15 is a diagram explaining an example of 
determining !an operating method in the third embodiment 
5 of this invention; 

Fig. 16 is a block line diagram of the constitution of a 
fourth embodiment of this invention; 

Fig. 17 is a diagram explaining an example of 
probability ;theory lifetime evaluation in the fourth 
10 embodiment; of this invention; 

Fig. lp is a block line diagram of the constitution of a 
fifth embodiment of this invention; and 

Fig. 19 is a block line diagram of the constitution of a 
sixth embodiment of this invention. 

15 

DFTAILED DESCRIPTIONS 

(Embodiment 1) 

Fig. i is a constitution of a first embodiment of the 
present invention. The first embodiment includes an 

20 operation request input unit 1, an operating conditions 
setting unit;2, an operation monitoring unit 3, an operation 
history creation unit 4, a breakdown statistics database 5, 
an event simulator 6, a risk-cost calculation unit 7, an 
operating rriethod determination unit 8, and an operating 

25 method specification unit 9. 

The operation request input unit 1 of Fig. 1 Inputs 
information! relating to accomplishment times of requests 
output from the plant, and start and stop schedules, via a 
device such' as a terminal. 

30 Fig. 2 is a graph of contents input by the operation 

request inpjut unit 1. The information of Fig. 2 relates to 
read time, Jstart time, request output operating time, and 
stop time, and is input by the operation request input unit 
1. 

35 Fig* 3 depicts functions of the operating conditions 

setting unit! 2 in Fig. 1. The operating conditions setting 
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unit 2 converts the input operation request Information to 
operating parameters, quantifies them, and, as shown in 
Fig. 3, supplies data that changes over time for values such 
as fluid pressure, fluid temperature, and the number of 
5 rotations of a rotating section, to a subsequent processor. 

Fig. 4 depicts functions of the operation monitoring 
unit 3 in Fig. 1. As shown in the example of a steam 
turbine in Fig. 4, measurements from a temperature 
measuring unit, a pressure measuring unit, a rotation 
10 measuring unit, a flux measuring unit, and an output 
measuring unit, are applied to the operation monitoring unit 
3, that thereby monitors the operations of the plant 
equipment. 

The fluid pressure, fluid temperature, number of 
15 rotations, output, and the like, measured by the measuring 
units, are detected and processed online. The measuring 
units are realized by using conventional types of sensor 
such as a pressure gauge, a thermocouple, and a flux 
gauge. 

20 Fig. 5 depicts the functions of the operation history 

creation unjt 4 of Fig. 1. The operation history creation 
unit 4 receives operation, monitoring information frequently, 
and categorizes each single operation from start-up to 
shutdown into a start-up/shutdown pattern category (cold 

25 start-up, warm start-up, thermal start-up, ultra-rapid 
start-up, etc.), separates the operations into rated load, 
excessive load, partial load, and the like during regular 
operation, and lists them in correspondence with their 
operating times. The information is arranged 

30 chronologically and stored as operation history data to be 
used in subsequent processing. 

Fig. 6 depicts the contents of the breakdown 
statistics database 5 of Fig. 1. As shown In the example of 
the steam turbine casing! of Fig. 6, the breakdown statistics 

35 database 5; includes an event tree of breakdown events, 
that are arranged according to the order in which they 
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occurred arid their causal relationships, and a degree of 
unreliabillty'function Is allocated to each event. 

Degree of unreliability data that relates to the 
incidence and time of thermal fatigue cracks in internal 
5 casing corner sections, development of creeping/fatigue 
cracks, corrosion caused by vapor leakage, damage to 
casing, creep warping on the horizontal faces of the casing, 
and damage to interior screw sections, is stored in the 
breakdown statistics database 5. 

10 Wheri the degree of unreliability function uses the 

two values, of a standardized number of start-ups n/Nf, 
where the low-cycle fatigue lifetime Nf of the target section 
is the denominator with respect to the number of start-ups 
n, or a standardized operating time t/tr r where the creep 

15 lifetime tr is the denominator with respect to operating time 
t, the degree of unreliability F for these values (i.e. the 
probability that a breakdown will occur In equipment that 
was operating normally until that point) Is adjusted based 
on statistical analysis of data relating to previous 

20 breakdowns, in the plant equipment. Since Nf and tr are 
parameters ! that relate to operating states such as 
temperature, stress, and strain, they are configured so as 
to be applicable to different operating states. 

Fig. 7 depicts the functions of the event simulator 6 

25 of Fig. 1. As shown in Fig. 7, using the request operating 
parameters ; supplied by the operating conditions setting 
unit 2, the, operation histories supplied by the operation 
history creation unit 4,! the event tree supplied by the 
breakdown statistics database 5, and the degree of 

30 unreliability; function, the event simulator 6 reads the 
degree of unreliability for phenomena that are dependent 
on the number of start-ups, such as thermal fatigue, or 
phenomena that are dependent on time, such as creeping, 
by using the standardized number of start-ups and the 

35 standardized operating time, and determines the 
relationship between the degree of unreliability and the 
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number of start-ups/operating time. 

Fig. 8 depicts the functions of the risk-cost 
calculation unit 7 in Fig. 1. As shown in Fig. 8, the 
risk-cost calculation unit 7 uses the results of the 
5 simulation made by the event simulator 6 to add up 
risk-costs, obtained by applying a restoration cost to the 
degree of unreliability function of each event, for every 
item In the [event tree, and determines the total risk-cost 
for the operating time/number of start-ups. 

10 Fig. 9 depicts the functions of the operating method 

determination unit 8 of Fig. 1. As shown in Fig. 9, the 
operating method determination unit 8 compares the total 
risk-cost function with the profit obtained by the requested 
operation, and deems possible an operation that maximizes 

15 the profit without exceeding the risk-cost. 

When the operating method determination unit 8 
determines ; that operation is not possible under the 
requested operating conditions, the operating conditions 
are made easier, and this corrected version is fed back to 

20 the event simulator 6. By repeating this calculation, the 
operating method determination unit 8 selects an operating 
method under conditions that are as close as possible to 
the operation request. The operating method specification 
unit 9 specifies the possible operating method that is 

25 nearest to the operation request. 

As described above in the first embodiment, in 
response to a request to operate plant equipment, a 
possible operating method is selected by calculating its 
risk-cost in|real time and comparing the risk-cost with the 

30 profit that will be derived from the operation. Therefore, 
the plant can be operated with maximum profit while 
maintaining 1 safety. 
(Embodiment 2) 

Fig. '10 depicts the constitution of a second 

35 embodiment of this invention. The second embodiment 
adds a breakdown monitoring unit 10 to the first 
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embodiment. 

Fig. ill depicts the functions of the breakdown 
monitoring unit 10. As shown by the example of a steam 
turbine in Fig. 11, the breakdown monitoring unit 10 
5 includes a :casing-warping measuring unit, a conclusion 
thermal efficiency measuring unit, a metal temperature 
measuring !unit, a vibration measuring unit, an AE 
measuring unit, a lubricating oil temperature measuring 
unit, a lubricating oil component measuring unit, a vapor 

10 leak measuring unit, an operating sound measuring unit, 
and such like. 

These measuring units can be realized by providing, 
where necessary, sensors such as a thermocouple, a gap 
sensor, a displacement gauge, an acceleration gauge, a 

15 thermometejr, an analyzing device, a parabolic device, and 
an acoustic emission device, that detect member 
temperature, warping/displacement, vibration, lubricating 
oil temperature, changes in lubricating oil* components, 
partial thermal efficiency, plant efficiency, operational fluid 

20 leaks, operation sound changes, and the like, of plant 
equipment. • The signals from the sensors are monitored 
online to ; detect breakdown events and precursory 
breakdown events. 

Whert a breakdown event occurs, an emergency stop 

25 determinatibn unit 11 shown in Fig. 10 determines whether 
an emergency stop is necessary based on a comparison 
with a predetermined threshold, and, if so, sends this 
information to the operating method determination unit 8, 
and the operating method specification unit 9 outputs a 

30 stop signal. 

When an emergency stop is deemed necessary, 
information relating to the occurrence of the breakdown 
event or precursory breakdown event is transmitted to the 
breakdown , statistics database 5, where the pre-event 

35 probability . of the subsequent event that follows the 
breakdown! event is substituted with a post-event 
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probability. This post-event degree of unreliability function 
is used in the processing of the event simulator 6 in the 
same manner as in the first embodiment. 

As described above in the second embodiment, in 
5 response to] a request to operate plant equipment, a 
possible operating method is selected by calculating its 
risk-cost in real time and comparing the risk-cost with the 
profit that will be gained from performing the operation. 
In addition,; the occurrence of breakdown events and 
10 precursory breakdown events is monitored. Therefore, the 
plant can be operated with maximum profit while 
maintaining Safety, even when an event occurs. 
(Embodiment 3) 

Fig. 12 depicts the constitution of a third 
15 embodiment of this invention. The third embodiment adds 
an inspection unit 12 to the first embodiment. 

Fig. 13 depicts the constitution of the Inspection unit 

12. As shown in the example of the stream turbine in Fig, 

13, the inspection unit 12 uses an image measuring unit 
20 fitted with a; CCD camera to measure all or some of cracks, 

warping/displacement, erosion, abrasion, oxidation, 
corrosion, breakage, and deterioration/damage of plant 
constitutional equipment. The inspection unit 12 uses 
methods such as a UT measuring unit and the like fitted 

25 with an ultrasonic sensor that measures peeling, cracks, 
and the thickness of » oxidation film, to inspect the 
equipment iafter disassembling it or by remote access 
without disassembling it. 

When the inspection results show that an event is 

30 occurring, the degree of unreliability of the subsequent 
event that follows the occurring event In the breakdown 
statistics database 5 is substituted with a post-event 
degree of unreliability, and processing Is executed from the 
event simulator 6 onwards. 

35 When operation cannot continue due to the 

occurrence ; of an event or a subsequent event, the 
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operating method determination unit 8 determines that 
repair work; is required, and selects a necessary repair 
method such as filling-in of cracks, welding, thermal 
processing, coating, component replacement, and the like. 
5 The -event and its subsequent event In the 

breakdown statistics database 5 are restored by the repair 
work, and are reset to pfe-event probabilities. Processing 
from the event simulator -6 onwards is executed, specifying 
an operating method that incorporates the repair work. 

10 Fig, 14 explains an example where a 

deterioration/damage measuring unit is used as the 
inspection unit of the third embodiment, applied in a 
stream turbine. 

In this embodiment, all or some of a hardness 

15 measuring unit, an electromagnetism measuring unit, a 
sampling unit, a replica-collecting unit, and an electric 
resistance measuring unit, that measure softening, fragility, 
creep void, cracks, deformation, and warping, of equipment 
members, are used as the deterioration/damage measuring 

20 unit. 

Fig. 15 depicts the* functions of the operating method 
determination unit 8. When performing repair, the 
operating method determination unit 8 compares the profit 
of continuing operation yvith the sum of the risk-cost and 

25 the repair cost (treating the repair interval as time so as to 
obtain a diminishing function of time). 

As described above in the third embodiment, in 
response to. a request to operate plant equipment, repairs 
are made and risk-cost is calculated based on Inspection, 

30 the evaluation taking repairs into consideration. Therefore, 
even when an event occurs while aiming to achieve the 
most profitable operation that incorporates preservation 
maintenance based on inspection and repair, the plant can 
operate with maximum profit while maintaining safety. 

35 (Embodiment 4) 

Fig. 16 depicts . the constitution of a fourth 
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embodiment; of this Invention. The fourth embodiment 
adds a probability theory lifetime evaluation unit 14 to the 
first embodiment. The relationship between the lifetime 
(operating time/number of start-ups) and the degree of 
5 unreliability is calculated for operating conditions of 
temperature, stress, and warping, based on the operation 
history created by the operation history creation unit 4, the 
operating conditions set by the operating conditions setting 
unit 2, material lifetime characteristics, such as creeping 

10 and fatigue, stored beforehand in a statistical material 
database 15; and the probability distribution thereof. 

Fig. 17 is an example of statistical distribution of 
material lifetime for creeping and fatigue, converted to a 
degree of unreliability function. The degree of unreliability 

15 function calculated in this manner Is added to the 
breakdown statistics database 5, and the processing from 
the event simulator 6 onwards is executed. 

As described above in the fourth embodiment, in 
response to a request to operate plant equipment, risk-cost 

20 is calculated and repairs are made based on lifetime 
evaluation. This incorporates consideration of breakdown 
caused by accumulative damage that results from creeping 
and fatigue, enabling the plant to operate safely and at 
maximum profit. 

25 (Embodiment 5) 

Fig. 18 depicts the : constitution of a fifth embodiment 
of this invention. The fifth embodiment adds a 
deterioration damage measuring unit 16 to the fourth 
embodiment. The deterioration damage measuring unit 16 

30 measures time-induced : softening, fragility, creep void, 
cracks, deformation, and: warping, of members by using a 
hardness measuring unit, an electromagnetism measuring 
unit (overcurrent device), a sampling unit, a 
replica-collecting unit, an electrical resistance measuring 

35 unit, and the like. The deterioration damage measuring 
unit 16 detects degrees ;of time-induced deterioration and 
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damage 'of materials, and evaluates the 
occurrence/development *of cracks that are caused by 
creeping and fatigue. The deterioration damage measuring 
unit 16 determines the degree of unreliability function by 
5 making a probability theory lifetime evaluation, such as 
that shown in Fig. 4. 

As described above In the fifth embodiment, in 
response to a request to operate plant equipment, the 
states of equipment members are detected by measuring 

10 deterioration and damage, and then repairs are made and 
the risk-cost is calculated based on a lifetime evaluation. 
In the case of a plant that has been used for some time, 
consideration can be given to breakdown resulting 
accumulative damage caused by creeping and fatigue, 

15 enabling the plant to operate safely and at maximum profit. 
(Embodiment 6) 

Fig. 19 depicts, the constitution of a sixth 
embodiment of this invention. In the sixth embodiment, a 
plurality of operation monitoring units 3 and breakdown 

20 monitoring units 10 are provided for respective plants, and 
information from them Is received via a network. The 
operation request input unit 1 is also joined to the network, 
so that necessary requests can be input while referring to 
the plant information. 

25 Risk-costs are calculated for the plurality of plants, 

and operating methods are determined based on the total 
cost. The event simulator 6 changes and combines the 
operating patterns of the plants, selecting those that will 
achieve maximum profit or minimal cost. 

30 As described above in the sixth embodiment, since 

information from the plurality of plants and units is 
processed together, the plants can be operated in an 
optimal combination of methods that will minimize cost or 
maximize profit. , 

35 ; 



! 
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INDUSTRIAL APPLICABILITY 

In the present invention, an operating method is 
selected based on an evaluation of the risk-cost while 
monitoring the operation of a plant. This enables the 
5 optimal operating method, that reduces the cost of plant 
preservation management and maximizes the profit gained 
from plant operations, to be provided in real time, and 
enables energy to be used effectively. 
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